Case No.: Norte-514A 

DYNAMIC OPTICAL TAG 

CROSS-REFERENCE TO RELATED APPLICATIONS 
Not Applicable 

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT 

Not Applicable 

BACKGROUND OF THE INVENTION 

[001] The present invention relates in general to an optical tag, and more particularly, the 
present invention provides a small, thin, environmentally robust, long-lived, modulated optical 
retro-reflecting tag and a long range interrogation system. 

[002] Tagging technology provides a means to covertly but unambiguously mark a person, 
target or location so that it may be identified from a distance with a specialized sensor. The use 
of a tag greatly eases or eliminates target detection, identification, and discriminating problems. 
For example, in a precision strike application, a tag is applied to a vehicle or location in advance 
of the strike and a sensor (possibly organic to the strike weapon) uses the tag to simplify the 
process of finding and identifying the target. This allows for an autonomous terminal 
engagement even with initial uncertainty in the target location. However, many tagging devices 
depend on omni-directional radio frequency (RF) signals that can be intercepted or jammed. 
Therefore, other tagging devices relying on laser-based free-space-optical (FSO) communication 
have also been proposed, including ferroelectric liquid crystal modulator, micro- 
electromechanical (MEM) based corner cube, multiple quantum well retro-reflector, and thin- 
film diffractive modulating retro-reflector. 

[003] The ferroelectric liquid crystal modulator is a mature technology that provides wide 
field of view (FOV), wide operation wavelength differential AX, and low operation power. 
However, the ferroelectric liquid crystal modulator has the limited flexibility of liquid crystal 
display, a narrow operation temperature range between -10°C to 60°C, and a low switching speed 
of about several kilobytes per second. The micro-electromechanical corner cube has a good 



-1- 



contrast and requires very low operation power, but has limited switching speed and surface 
flatness, a small clear aperture and the very high fabrication cost. The multiple quantum-well 
retro-reflector has the advantages of high data rate of about several megabytes per second, a 
wavelength range safe to human eyes, and low operation power. However, it also has the 
disadvantages of narrow waveband, low modulation depth of about 1 dB, a small clear aperture 
(with a diameter smaller than 1 cm), and a high fabrication cost. The thin-film diffractive 
modulating retro-reflector provides the ultra-thin (about 1 mm) dimension, low cost, and 
modulation capability, but has the limitations of low reflection efficiency, a small field of view 
and a narrow optical bandwidth. 

[004] It is thus a substantial need to develop a non-RF dependent and non-visually-alerting 
optical tag which has a wide range of operation temperature, low operation power and low 
fabrication cost. 

BRIEF SUMMARY OF THE INVENTION 

[005] The present invention provides an optical tag which provides a laser-based free- 
space-optical communication between remote identities such as airborne platforms and 
unattended ground sensors or airborne platforms and soldiers on the ground. Such 
communication has a low probability of being intercepted or jammed. The optical tap can be 
fabricated inexpensively by commercially available components. In addition, the optical tag is 
physically small, but is efficient in power. 

[006] In one embodiment of the present invention, the optical tag comprises a photo- 
detector, a controller, a piezoelectric translator, a battery and a retro-reflective tape. The photo- 
detector is responsive to an incident optical energy at a predetermined wavelength, and the 
controller is in electric communication with the output of the photo-detector. The piezoelectric 
translator is electrically connected to the controller which controls the electrical connection 
between the piezoelectric translator and the battery. The retro-reflective tape is in mechanical 
communication with on the piezoelectric translator. Preferably, the optical energy is a 
continuous optical wave. The photo-detector includes an indium gallium arsenide PIN 
photodiode. The predetermined wavelength is about 1.55 jam, for example. 
[007] The optical tag may further comprise a filter disposed on the photo-detector. The 
filter has a narrow bandpass at the predetermined wavelength, such that extraneous radiation or 
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beams such as sun can be blocked from being input to the photo-detector. Upon receiving the 
optical energy, the photo-detector is operative to generate a photocurrent. The photocurrent is 
then fed to the controller to establish an electric connection between the piezoelectric translator 
and the battery. Once the connection between the piezoelectric translator and the battery is 
established, the piezoelectric translator expands and contracts periodically to generate a stroke to 
the retro-reflective tape directly mounted thereon. The stroke of the retro-reflective tape then 
modulates the phase of the optical energy incident thereon; and therefore, the phase modulation 
provides a specific identification code. 

[008] The optical tag may further comprise a Fresnel lens placed above the retro-reflective 
tape. Preferably, the retro-reflective tape is located at a focal point of the Fresnel lens. 
Therefore, the optical energy can thus be concentrated onto the retro-reflective tape, and the 
intensity of the retro-reflected beam is thus increased. Preferably, the photo-detector, the 
controller, the piezoelectric translator, the battery, and the retro-reflective tape are enclosed by an 
enclosure having a length of about 30 mm, a width of about 25 mm and a height of about 5 mm. 
[009] The present invention further provides an optical tag comprising a piezoelectric 
translator and a retro-reflective tape. The piezoelectric translator is operative to generate a pulse 
when an optical energy at a predetermined wavelength is incident on the optical tag. The retro- 
reflective tape is placed on and directly in contact with the piezoelectric translator, such that the 
pulse generated by the piezoelectric translator is applied to the retro-reflective tape. Therefore, 
when the optical energy is incident onto the retro-reflective tape, the optical energy is modulated 
with an identification code according to the pulse and retro-reflected by the retro-reflective tape. 
The identification code, that is, the modulation of the retro-reflected optical energy can be 
programmed in various ways. For example, by changing the material, thickness, or area of the 
piezoelectric material and the retro-reflective tape, an optical tag operative to retro-reflect an 
incident optical energy with a unique identification can be fabricated. 

[0010] In one embodiment, the optical tag further comprises an amplifier operative to 
amplify the photocurrent, an interface to decode data contained in the photocurrent, and a data 
retrieval device operative to retrieve the data. The data retrieval device includes an earpiece or a 
display. 

[001 1] An interrogating system is also provided by the present invention. The interrogating 
system comprises an interrogating beam source and an optical tag. The interrogating beam 
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source is operative to scan an interrogating beam with a predetermined wavelength through a 
field. The optical tag is operative to respond the optical signal with an identification code. The 
optical tag comprises a piezoelectric translator operative to generate a pulse for modulating the 
optical signal, and a retro-reflective tape, operative to modulate the optical signal with the 
identification code according to the pulse and retro-reflect the modulated optical signal back to 
the interrogating beam source. Preferably, the interrogating beam source includes a laser beam 
source with a wavelength of about 1.55 jam. The interrogating beam source is placed in an 
airborne platform to scan a field, in which a target holding or mounted with the optical tag is 
traveling. 

[0012] The present invention further provides a method of interrogating a target from an 
airborne platform comprising the following steps. An optical signal at a predetermined 
wavelength is generated and incident on an optical tag. The optical signal is converted into a 
photocurrent, which then generates a pulse. The optical signal is then modulated by the pulse 
and retro-reflected. In the above method, a photo-detector is provided to receive the optical 
signal and to generate the photocurrent. A piezoelectric translator is provided and activated by 
the photocurrent to generate the pulse. A retro-reflective tape is in contact with the piezoelectric 
translator, such that the pulse generated by the piezoelectric translator is applied on the retro- 
reflective tape to generate a periodical displacement thereof. When the optical signal is incident 
on the retro-reflective tape, the phase of the optical signal is thus modulated by the periodic 
displacement of the retro-reflective tape. The phase modulation of retro-reflected optical signal 
thus provides the airborne platform a reflected optical signal with an identification code. To 
generate the pulse, an electrical connection between the piezoelectric translator and a battery is 
established by the photocurrent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 shows an interrogating system provided by the present invention; 

[0014] Figure 2 shows a schematic drawing of an optical tag used in the interrogating system 

as shown in Figure 1 ; 

[0015] Figure 3 shows a local enlargement of Figure 2; 

[0016] Figure 4 shows a block diagram of the interrogating system as shown in Figure 1; 
[0017] Figure 5 shows another embodiment of the optical tag; and 
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[0018] Figure 6 is a flow chart showing an interrogating method based on free-space 
communication. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The present invention provides a small and inexpensive optical tag operative to 
respond a specific optical signal generated by an overhead flier or airborne platform. Figure 1 
shows an interrogating system including such optical tag. As shown, the interrogating system 
includes an airborne platform 20 such as an unmanned aerial vehicle (UAV) to continuously scan 
a field with an optical signal 22, preferably a 1 .55 |xm laser beam. When a target 10 in the field 
having an optical tag 14 programmed to respond the optical signal 22 with an identification code 
is scanned by the optical signal 22, a retro-reflection containing the identification code provided 
by the optical tag 22 is received by the airborne platform 20. When the retro-reflection is 
received, the scan process is interrupted, and the airborne platform 20 returns to the point where 
the retro-reflection was received to interrogate the optical tag 10. In the battlefield application, 
when a link with the optical tag 14 is acquired, and the target 10 is recognized being friendly 
from the identification code, the target 10 is then protected from being fired by the airborne 
platform 20. 

[0020] Figure 2 shows a schematic drawing of the optical tag 14, Figure 3 shows a local 
enlarged view of the optical tag 14, and Figure 5 shows the functional block diagram of the 
optical tag 14. As shown in Figure 2, the optical tag 14 comprises a photo-detector 401, an 
amplifier 403, a controller 405, a piezoelectric translator 407, a retro-reflective tape 409, a 
Fresnel lens 410, and a battery 412 encased in an enclosure or a housing 400. In this 
embodiment, the enclosure 400 is a cuboid having a length of about 30 mm, a width of about 25 
mm, and a height of about 5 mm. It is appreciated that the enclosure 400 can also be configured 
into other shapes such as cylinder according to specific requirement. The enclosure 400 is 
preferably fabricated from light weight material such as hard plastic. 

[0021] The photo-detector 401 includes an indium gallium arsenide (InGaAs) PIN 
photodiode with high responsivity at the wavelength of the optical signal 22 output from the 
airborne platform 20. In this embodiment, the photo-detector 401 is highly responsive at about 
1.55 |im. Preferably, a filter 401a with a narrow bandpass at 1.55 |im is mounted on the photo- 
detector 401, such that the photo-detector 401 will not be activated or responsive to extraneous 
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light sources such as the sun. It will be appreciated that photo-detectors other than the InGaAs 
PIN photodiode can also be applied without exceeding the scope and spirit of the present 
invention. The responsivity of the photo-detector 401 and the bandpass of the filter 401a depend 
on the characteristics of the interrogating beam 22 output from the airborne platform 20. When 
the optical signal 22 transmits through the filter 401a and is received by the photo-detector 401, 
the optical tag 14 is awakened from a sleep mode, and a photocurrent is generated by the photo- 
detector 401 . The photo-detector 401 may also be electrically connected to the battery 409. 
[0022] The photocurrent generated by the photo-detector 401 is fed into a controller 405. 
The controller 405 is operative to amplify the photocurrent and instruct the piezoelectric 
translator 407 to connect with the battery 412. In this embodiment, the battery 412 is preferably 
a commercially-available lithium (Li) coin battery with a diameter of about 16 mm and a height 
of about 3 mm. Currently, the duration of the battery 412 is about 120 hours. Once the 
piezoelectric translator 407 is connected to the battery 412, an applied voltage is drawn from the 
battery 412 to the piezoelectric translator 407. The piezoelectric translator 407 expands and 
contracts in response to the applied voltage. 

[0023] As shown in Figures 2 and 3, the retro-reflective tape 409 is directly mounted on a 
top surface of the piezoelectric translator 407. Therefore, when the voltage is applied to the 
piezoelectric translator 407, the piezoelectric translator 407 expands and contracts as a piston to 
pulse the retro-reflective tape 409 with a specific stroke. When the optical tag 14 is scanned by 
the optical signal 22, the stroke of the retro-reflective tape 409 modulates the phase of the optical 
signal 22 incident on the retro-reflective tape 409 and retro-reflects the modulated optical signal 
12 back to the airborne platform 20. The modulated retro-reflected beam can then be translated 
to a data stream within the airborne platform 20. Data-rate throughput of about 100 kb/s that 
suggests an acoustic approach is often required in the interrogating system. In a coherent- 
detection scheme with a wavelength of about 1.55 \im, a stroke of 0.75 jxm of the retro-reflective 
tape 409 will meet with the acoustic requirement. 

[0024] As the retro-reflective beam is modulated by the pulse generated by the piezoelectric 
translator 407 and transferred to the retro-reflective tape 409, the modulation can be altered by 
changing the material, thickness and/or area of the piezoelectric translator 407 and the retro- 
reflective tape 409. As a consequence, a retro-reflected beam modulated with different 
identification code can be obtained. 
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[0025] As shown in Figure 2, the optical tag 14 further comprises a Fresnel lens 410 above 
the retro-reflective tape 409. The retro-reflective tape 409 is placed on the focal point of the 
Fresnel lens 410, such that the incident optical signal 22 will be focused on the retro-reflective 
tape 409. Therefore, more energy of the optical signal 22 will be concentrated on the retro- 
reflective tape 409. The area of the retro-reflective tape 409 is designed with sufficient area such 
that a reasonable field of regard is provided. In addition, the Fresnel lens 410 is a small, low- 
cost element that meets with the size, weight and power (SWAP) requirements of the optical tag 
14. 

[0026] In addition to the identification function as described above, the optical tag may 
further provide data or information retrieval function. When an optical signal 22 containing 
certain data or information is incident onto the photo-detector 401, the optical signal 22 received 
by the photo-detector 401 is converted into the photocurrent and amplified by the amplifier 403. 
An interface 501 is used to connect with the amplifier 403. The interface 501 is operative to 
decode or demodulate the information or data contained in the optical signal 22 into an audio 
format or readable format. For example, the interface 501 may further connect to an earpiece 
502 worn by a soldier, such that the instruction given by the airborne platform 20 can be 
delivered by to the soldier. Alternatively, the target 10 such as a vehicle or the soldier may hold 
a data retrieval device 502 such as a display or a printer connected to the interface. 
[0027] The present invention further provides a method of interrogating an object in a field 
as shown in Figure 6. In step 600, an interrogating beam with a predetermined wavelength is 
generated from a source. In one embodiment, the interrogating beam includes a 1.55 |im laser 
beam located in an airborne platform flying over a field. The airborne platform is operative to 
scan the interrogating beam through the field. Once an object such as a vehicle or a soldier 
wearing an optical tag is moving in the field, the interrogating beam received by the optical tag is 
converted into a photocurrent in step 602. The step of converting the interrogating beam into the 
photocurrent includes providing a photo-detector to generate the photocurrent when the 
interrogating beam is received thereby. In step 604, a piezoelectric translator is then activated by 
the photocurrent to generate a mechanical pulse. The pulse is then transferred to a retro- 
reflective tape onto which the interrogating beam is focused by a Fresnal lens. The incident and 
focused interrogating beam is then modulated with an identification code by the retro-reflective 
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tape according to the pulse in step 606. In step 608, the interrogating beam modulated with the 
identification code is the retro-reflected to the interrogating beam source. 

[0028] Preferably, the method of interrogating an object in a field from an airborne platform 
further includes the steps of retrieving information or data contained in the interrogating beam, 
such that the soldier is not only able to respond the interrogating beam with the identification 
code, but is also able to read or listen the instruction or command given by the airborne platform. 
For example, in step 610, an interface is connected to the optical tag for decoding the 
information or data contained in the photocurrent. The decoded data or information is then 
retrieved by an earpiece or a display in step 612. 

[0029] This disclosure provides exemplary embodiments of an optical tag. The scope of this 
disclosure is not limited by these exemplary embodiments. Numerous variations, whether 
explicitly provided for by the specification or implied by the specification, such as variations in 
shape, structure, dimension, type of material or manufacturing process may be implemented by 
one of skill in the art in view of this disclosure. 
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